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Scope

This standard is applicable to >ultic ...nnel amplitude analyzers with linear conversion characteristics designed for determination of pulse amplitude distribution.

2.

Object

This standard establishes acceptable test methods for each of the following parameters: minimum and maximum measurable signal amplitudes; intrinsic errors of the minimum and maximum measurable signal amplitudes; stability errors of the minimum and maximum measurable signal amplitudes; additional errors (or variations) of the minimum and maximum measurable signal amplitudes; channel width; intrinsic error of the channel width; stability error of the channel width; additional errors of the channel width; zero point; intrinsic error of the zero point; stability error of the zero point; additional errors of the zero point; effective range; integral non-linearity; differential non-linearity; dead time; maximum pulse rate to be measured; five time error. This standard is not intended to imply that all the tests described herein are mandatory, but only that such tests as are carried out shall be performed in accordance with the procedures given herein.

3. 3.1

General

The list of parameters to be tested, rules for and sequence of the tests are specified in the relevant IEC standards. In addition, they are to be specified in the technical documentation to be supplied with the analyzer under test.
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Parameters covered in this standard are defined in IEC Amplitude Analyzers. Types, Main Characteristics and Technical

Publication 578: Requirements.

Multichannel

The'common

symbols

used in this standard

are defined

in Appendix

A

3.2

Each test shall be started on a fully adjusted analyzer after the warm-up time" given in the specification. If it is necessary to make any adjustment during a measurement, other than those normally associated with the operation of the analyzer, the instrument is switched off and allowed to cool. The instrument is then switched on and after the warm-up time the test is restarted.

3.3

The measurement of any parameter value, its intrinsic out under the following reference conditions: - the pulse shape shall be specified; - the minimum channel number of quantization -

error

and stability

error

shall be carried

width available shall be used. Where the memory levels, the analyzer digital offset should be used;

size is less than the

ambient temperature 20 + 5 OC**; - relative humidity 50% to 80%; - atmospheric pressure 100 + 4 kPa (750 + 30 mm Hg); - the reference values of mains supply voltage and frequency Clause 4 of IEC Publication Tolerances on these reference

shall correspond to those stated in 293: Supply Voltages for Transistorized Nuclear Instruments. values shall be -t2% and + 1% respectively.

NO/P. - In measurements

of stability errors,

not less than ten measurements

shall he performed

at equal time intervals.

3.4

The measurement standard. The measurements

of additional

errors

should

be made

according

to the test procedure

of this

are performed

in the following

order.

3.4.1

Additional

error (variation)

due to mains voltage

changes

at reference

temperature: transformer or a voltage

4 Mains voltage equal to nominal
stabilizer. The readings

value is provided by an automatic shall be taken after the warm-up time.

6) Mains voltage shall be increased

by 10% compared with the nominal value. The readings shall be taken after time sufficient for further variation to have negligible effect on the determination of the error. This time may be much shorter than the warm-up time.

Cl Mains voltage shall be decreased
due to voltage

by 10% compared with the nominal value and the variation change of - 10% is determined as described in the previous case.

*Warm-up analyzer

time is an interval of time between

the moment

of switching on the instrument

and the moment

when the

in the rated range of use hcgins to meet specifications. that the temperature he controlled within narrower limits

** It is recommended

(

EC page 9)
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3.4.2

Additional error (variation) due to temperature

changes at reference mains voltage:

a) The analyzer shall be placed in a climatic chamber in which the temperature is equal to 20 "C; it shall be switched on and after the warm-up time the measurements shall be made. The temperature in the chamber shall be increased to 35 "C and maintained constant with the tolerance of +2 "C for a sufficient time to permit the equipment to stabilize. The measurement is then carried out. b) Two similar measurements shall be made as in Item a} of this sub-clause, except that the temperature is now lowered to 10 "C. The additional measured. error is determined from the change of the value of the parameter to be

4. 4.1 4.1.1

Test methods

Minimum and maximum measurable signal amplitudes Apparatus a) A precision pulse generator with the following characteristics: - the output pulse amplitude shall be adjustable from minimum to maximum values of measurable signal amplitude taking into account the error of these values and the output impedance of the generator and the input impedance of the analyzer; - the error of the amplitude setting shall be sufficiently small so as not to affect the parameter to be measured; - the timing parameters of output pulses shall meet the requirements of the specification supplied with the analyzer; - the pulse repetition rate shall be adjustable so as not to exceed 0.01 v,,,,, and in addition it shall not exceed the reciprocal of the dead time corresponding to the pulse amplitude used. b) A ratemeter (a scaler and a timer).

4.1.2

Preparation for a test The circuit diagram of connected to the analyzer measurement results. The put signal which indicates a test set-up is shown in Figure 1, page 38. The generator output is input by a suitable coaxial cable of a length which will not affect the ratemeter is connected to an analog-to-digital converter (ADC) outpulses accepted.

4.1.3

Test procedure The pulse repetition ratemeter. rate of the precision pulse generator is measured previously by the

The analyzer is switched to the selected analysis mode. The discrimination threshold is set to allow for the full pulse-height measurement range. The waveshape of the generator output 1 pulses is specified in the relevant specifications. is increased from its lowest level until the frequency of pulses accepted by the ADC is 50% of the generator frequency. The corresponding pulse amplitude A Lminis noted and from this value the minimum measurable signal amplitude can be calculated. A similar measurement is made by increasing the pulse generator
The pulse amplitude from the precision pulse generator

(IEC page !l)
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amplitude until the frequency of ADC accepted pulses falls to 50% of the pulse generator corresponds to the maximum measurable signal level. output. This amplitude A, max
.

-4.1.4

Processing of meastirement data In order to determine the input pulse amplitudes which correspond to the response thresholds it is necessary to take account of the input impedance of the analyzer and the 4min and Amax, output impedance of the generator.

4.1.5

Intrinsic error of minimum or maximum measurable amplitude Intrinsic error of a single determination of the measurable amplitude is given by:

where: AL is either maximum or minimum input amplitude and k LN is the rated value of either maximum or minimum measurable amplitude.

4.1.6

Stabiliy error of the measurable amplitude Stability error of the measurable amplitude is given by:

where: AL, is the value of the amplitude to be measured (AL,) during the continuous operation period of the analyzer excluding the warm-up time, for which the absolute value of the difference is maximum n is the number of measurements (see note of Sub-clause 3.3)

4. I .7

Additional error of the'measurable amplitude due to temperature changes The additional error of the measurable amplitude due to temperature changes is given by:

where: AL, is the value of AL at that temperature at which the absolute value of the difference is maximum Ar
is the temperature difference

4.1.8

Additional error of the measurable amplitude due to inains voltage changes The additional error of the measurable / amplitude due to mains voltage changes is given by:

+
where:

A,,

- A,

",a\

ALV is the value of AL at that mains voltage at which the absolute value of the difference is maximum

4.2

Channel width The channel width is usually derived from the ideal linear amplitude response (I.L.A.R.).

( EC page 13)
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4.2.1

Apparatus a) A precision pulse generator with the characteristics specified in Sub-clause 4.1. la).

6) A white noise generator with the following characteristics: - the bandwidth shall cover the range of a few hertz to a few megahertz; - the output voltage r.m.s. value shall be adjustable - the stability error of the statistical parameters peak shape. from a few millivolts to a few volts;

of noise shall not significantly influence the

c) A linear mixer with the following characteristics: - hvo inputs; - the bandwidthshall cover the range of a few hertz to a few megahertz; 1 the non-linearity and stability error of the transmission factor shall not contribute error of the parameter to be measured. d) A digital printer interfaced to the analyzer. 4.2.2 Preparation for a test The circuit diagram of a test set-up is given in Figure 2, page 38. The precision pulse generator output and the noise generator analyzer input via the linear mixer. 4.2.3 Test procedure The analyzer is switched to the analysis mode at the full pulse-height measurement range. output are connected to the to the

The precise value of a pulse amplitude at the analyzer input (A,) and the channel number mp corresponding to this amplitude are determined, taking into account the output impedances of the generators and the linear mixer, the input impedance of the mixer and the analyzer as well as the transmission factor of the mixer. The noise generator is switched on. Care should be taken that the statistical parameters (r.m.s. output voltage and bandwidth) of the white noise generato; and the linear mixer do not distort the symmetric peak. The width of the peak is set so that there are approximately ten channels at 0.1 N&,, where N;,, is the maximum channel content iq the peak. Two measurements are performed in the lower part (A,, and in the upper part (A,, rn& at about 0.9 A,,,. mw) of the range at about 0.1 A,,,

The order of magnitude of N;,, shall be stated in the relevant specifications. 4.2.4 Processing of measurement data The channel width is determined points (A,, mpoand A,, m,,J. The channel width is given by: as the slope of the straight line joining the two experimental

H= if A, is in volts.

A,7,- A,,
m,,C - mp,:

volt/channel

7

( IEC
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The exact position (in terms of an interpolated calculated as follows:

channel number) of each peak (mpOand mr_.)is

The channels mb and m,, which correspond to the numbers of counts just below 0.1 N&, to the left and to the right of the peak are determined (Figure 3a, page 39). The number of counts in each of the channels from mb+-,to m,,_, is given by (Figure 3b, page 39) by:
N, =
N,' 0.1

N;,,

Each channel content between m,, and' m,, is replaced by the sum of the contents of all lower channels. The counts NT of channel m, so obtained (b < i < h) are given by:

N.*

=

i
z=b+l

N,

The maximum sum Ni,, t Nz_ , corresponds

to the channel mh_ , . by 0.5 channel, of the point of

The peak position mp corresponds to the abscissa, incremented the ordinate 0.5 Nz,, (Figure 3c, page 39). It is given by:

mP = m, + 0.5
where:
IGu2 =

+

N&

-

N,"

NT+,- NC

0.5 AL
rnk+r are the numbers of channels where Ni < N&/r and the difference between mk+, and mk being 1

rnk and
NC+

I > N&,

4.2.5

Intrinsic error of the channel width The intrinsic error of the channel width is given by:.

where: HN is the rated channel width

4.2.6

Stability tv.*or of the channel width Stability error of the channel width is given by:

j=
where:

1

H,
n

is the value of the channel width

Hi

measured

during the continuous is maximum 3.3).

operation

of the analyzer

(excluding

the

warm-

up time)

at which the absolute value of the difference (see note of Sub-clause

is the number of measurements

( IEC pagel7)
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4.2.7

Additional error of the channel width due to temperature changes The additional error of the channel width due to temperature
.

changes is given by:

Ht - H
H . At

ma\

* 100%

where:

H, is the value of the channel width at the temperature Af is the temperature difference

at which the absolute value of the difference

is maximum

4.2.8

Additional error of the channel width due to supply voltage changes The additional error of the channel width due to supply voltage changes is given by:

where: HV is the value of the channel width at the supply voltage at which the absolute value of the difference is maximum

4.3 4.3.1

Zero point Apparatus Sub-clause 4.2.1 is applicable.

4.3.2

Preparation for a test Sub-clause 4.2.2 is applicable.

4.3.3

Test procedure The mode of the analyzer operation 4.2.3. and test procedure shall be as described in Sub-clause

4.3.4

Processing of measurement data Sub-clause 4.2.4 is applicable.

4.3.5

Intrinsic error of the zero point The intrinsic error of the zero point a, (Figure 4, page 40) is given by: '

a,, =

Apempe - A,, mpcl mpc - mpo

The symbols correspond to those given in Sub-clause 4.2.4.

9
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4.3.6

Stability error of the zero point Stability error of the'zero point is given by:
.
k

j= 1
where: ud is the value of the zero point hj measured during continuous operation of the analyzer (excluding the warm-up time) at which the absolute value of the difference is maximum n is the number of measurements (see Sub-clause 3.3)

4.3.7

Additional error of the zero point due to temperature changes The additional error of the zero point due to temperature a"1 - a0 max I At changes is given by:

4

where: a,,, is the value of the zero point at that temperature at which the absolute difference is maximum Ar is the temperature difference

4.3.8

Additional error of the zero point due to supply voltage changes The additional error of the zero point due to supply voltage changes is given by:
,

where: a, is the value of the zero point at the supply voltage at which the absolute value of the difference is maximum

4.4 4.4.1

Integral non-linearity Apparatus Sub-clause 4.2.1 is applicable.

4.4.2

Preparation for a test Sub-clause 4.2.2 is applicable.

4.4.3

Test procedure The order of test application, the mode of the analyzer operation and test procedures shall be as described in Sub-clause 4.2.3. The number of measurement points over the whole scale shall be 10 to 20, the two points of Sub-clause 42.4 being included. The distribution of the measurement points over the scale shall be stated in the relevant specifications.

4.4.4

Processing of measurement data The position of each peak is calculated according to Sub-clause 4.2.4. Deviations of exper imental points from the ideal linear amplitude response (Figure 5, page 40) are given by

AApi = Api -

I

m

A,, - Ap,,
PC

A,, mpe - A,
mPi + mpc repel

m,,,,
I

- mp,,

( IEC

page@
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The integral non-linearity
.

is given by:

I AA,, I

ma\

where:

1 &ilm.. is the maximum absolute value 6f deviation

4.45

Change of integral non-linearity due tb temperature changes Change of integral non-linearity due to temperature changes is given by:

where: Kit is taken for the temperature at which the ahsolute value of the deviation is maximum Ar is the temperature difference

4.4.6

Change of integral non-linearity due to supp(v voltage changes Change of integral nc- `inearitv due to supply voltage changes is given by:

where: Kiv is taken for the value of supply voltage at which the absolute value of the deviation is maximum

4.5 4.5.1

Differential non-lineariry General method Two methods are presented. The first one is general. The second (subsidiary) method is less rigorous and is permitted for analyzers with more than 4 096 quantization levels in order to reduce measurement time.

4.5.1.1

Apparatus

a) A sliding pulse generator i.e. a pulse generator producing a uniform distribution- of pukeheights with the following characteristics: - the non-uniformity of puke-height distribution on a full range shall uot contribute to the error of differential non-linearity of the instrument under test; - the stabihty'error of the mqan value of pulse-height distribution during the time of measurement shall not contribute to the error of differential non-linearity of the instrumem I' under test; - the lower and higher boundaries';bf uniform pulse-height distribution shall be smoothly adjusted from Aminto A,, takinginto account the error of these values and output impedance of the generator and input impedance of the analyzer; - the timing parameters of output pulses as well as the average number of pulses per unit time shall comply with the requirements of the relevant specifications. b) A digital printer interfaced to the analyzer.

-11
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4.5.1.2

Preparation for a test The circuit diagram of a test set-up is given in Figure 6, page 40.

4.5.1.3

. Testprocedure

The analyzer is switched to the analysis mode at the full pulse-height measurement range for a time sufficient to reach a number of counts per channel compatible with good statistical accuracy of measurement. The order of magnitude of this number of counts as well as the channel width of the analyzer under measurement shall be stated in the relevant specifications. The measurement data, i.e. the number of counts in each channel j of the analyzer, Nj, are recorded by a digital printer. 4.5.1.4
Processing of measurement data

Differential

non-linearity

is given by:

where: N, is the value Nj of the number of counts in the channel at which the absolute value of the difference is maximum N, is the average number of counts per channel

Only the channels which are within the limits of the effective differential non-linearity. 4.5.1.5
Change of differential non-linearity due to temperature changes

range are used to calculate

Change of the differential non-linearity

due to temperature

changes is given by:

where: Kd, is the value of differential non-linearity at that temperature at which the absolute value of the difference is maximum

4.5.1.6

Change of differential non-linearity due to supply voltage changes

Change of the differential non-linearity

due to supply voltage changes is given by:

+

K,,v- Kc,

,a,%

where: Kdv is the value of differential maximum

non-linearity

at that supply vo\tage at which the absolute value of the difference is

f EC

page 25)
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4.5.2 4.5.2.1

Subsidiary method Apparatu:

a) A pulse generator as described in Sub-clause 4.5.1 .la), which produces pulses with uniform density of pulse-height distribution over a limited range (e.g. from V to V + A, Figure 7a, page 41). Such a generator. may consist of a ramp generator, an adjustable d.c. source, a linear mixer and a linear gate (Figure 7b, page 41). A iinear mixer is unnecessary if the ramp generator and the adjustable d.c. source are floating (not connected to earth) and can be connected in series (Figure 7c, page 41). b) A digital printer interfaced to the analyzer. 4.5.2.2 Preparation for a test The circuit diagram of a test set-up is given in Figure 7b or 7c. 4.5.2.3 Testprocedure range. In

The analyzer is switched to the analysis mode at the full pulse-height measurement order to save measurement time, only a few regions of the full range can be tested. The more critical regions of the range as minimum and maximum signal range, range. For instance, if a 16 000 channel each can be tested, located in the lower,

of the analog-to-digital converter shall be chosen such as well as a region located in the middle part of the ADC is considered, three regions of 1 000 channels middle and higher part of the full range respectively.

Minimum value of pulse amplitude ( v) and maximum value ( V + A) are set so as to cover the above-mentioned regions. The measurement time for each region is so determined as to reach a number of counts per channel compatible with good statistical accuracy of measurement. The order of magnitude of this number of counts per channel as well as the channel width, the number of the analyzer regions and their location shall be stated in the relevant specifications. The measurement are printed. 4.5.2.4 data, i.e. the number of counts in each channel of the analyzer region, N

Processing of measurement data Local differential non-linearity is given by:

where: Ni N, is the value of the number of counts N, for which the absolute value of the difference is the average number of counts per channel for the chosen region of the range is maximum

The maximum of the three calculated values K,d is an estimate of the differential non-linearity of the analyzer.

13
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4.5.2.5

Change of local differential non-linearity due to temperature changes due to temperature changes is calculated by the

Change of local differential non-linearity formulae of Sub-ciauses 4.5.1.5 and 4.5.2.4. 4.5.2.6

Change of local differential non-lineakity due to supply volrage changes

Change of local differential non-linearity due to supply voltage changes is calculated by the formulae of Sub-clauses 4.5.1.6 and 4.5.2.4.

4.6 4.6.1

Effective range Apparatus Sub-clause 4.2.1 is applicable.

4.6.2

Preparation for a test Sub-clause 4.2.2 is applicable.

*

4.6.3

Test procedure Sub-clause 4.2.3 is applicable.

4.6.4

Processing of measurement data Sub-clauses 4.2.4 and 4.3.4 are applicable.

4.6.5

The numbers of channels m,, and mv, which limit the effective range, are determined. The upper and loiver limits of the effective range are given by the formulae: AU = A, = H-m,, + a,, Hem, + a,,

4.7 4.7.1

Dead time of the analyzer" Apparatus A double-pulse generator with the following characteristics:

- the pulse amplitude shall be adjustable from A,i" to A,,,; - the error of the amplitude setting shall be sufficiently small so as not to affect the parameter to be measured; - the value of the delay between pulses shall be smoothly adjustable from 0.7 Tdmi,, to 1.3 TImax; - the error of the delay setting shall not significantly affect the error in dead time measurement; - the timing parameters of the output pulses shall meet the requirements supplied with the analyzer; - the pulse repetition rate shall be adjustable so as not to exceed 0.01 v,,,,,. of the specification

* This measurement is only applicable to systems with direct access to the memory.

( IEC

PW.29)
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4.7.2

Preparation for a test The circuit diagram of a test set-up is given in Figure 8, page 42. The generator output is connected to fhe analyzer input through a suitable coaxial cable. It is permissible to use a generator with two outputs, the generator being connected to the analyzer via a linear mixer. The cable length shall not affect the measurement.

4.7.3

Testprocedure The analyzer is switched to the analysis mode at the full pulse-height measurement range.

The pulse amplitude of the first (prompt) output is adjusted so as to record the pulses in channel m, which is within the rang? of 0.1 M to 0.2 M. The pulse amplitude of the second (delayed) output of the generator is adjusted arbitrarily within the limits of ,=&, to A,,,. By increasing smoothly the value of the delay time of the second pulse, the delay time Tdo is determined which corresponds to the beginning of the recording of the second pulse which is fixed on the screen oi the oscilloscope ancillary to the analyzer. Then a pulse amplitude of the first (prompt) output is adjusted so as to record the pulses in channel m, which is within the range of 0.8 M to 0.9 M, and the amplitude of the second (delayed) output is adjusted arbitrarily. By varying the delay time of the second pulse, the smallest delay time Tde at which the second pulse is accepted by the analyzer is determined. Nofe.- The time interval
pulses. between pulse pairs should be at least ten times longer than the maximum delay between

4.7.4

Processing of measurement data The results of the test described in Sub-clause 4.7.3 are compared with the values of the dead time calculated for the channel numbers m,, and m, according to the relevant specifications, taking the ,rise times of the input signals into account. The measured values of Tdeand TdO shall not exceed these calculated values.

4.8 4.8.1

Maximum pulse rate to be measured Apparatus a) The generator described in Sub-clause 4.1.1; b) A gamma-detector c) A ratemeter; d) A Wo source which provides a pulse rate not less than v,,,,, at the output of the detector; e) A digital printer; f) A linear mixer. The apparatus models and the settings used for this test shall be specified. with an amplifier;

4.8.2

Preparation for a test The circuit diagram of a test set-up is given in Figure 9, page 42. The modes of operation for which the tests should be made shall be stated in the relevant specifications. A generator and a detector are connected to the analyzer through a linear mixer. Cables shall be either sufficiently short or matched so that reflections do not affect the measurement.

,

15
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4.8.3

Testprocedure The sensitivity threshold of the ratemeter is adjusted equal to Ami".

The analyier is switched to the analysis mode at the full pulse-height measurement range. The channel width is fixed in accordance with the relevant specifications' for the analyzer and the amplification factor is adjusted in such a way that the 1.33 MeV photopeak of 6Wo falls in a channel between 0.65 and 0.75 of the effective range. Set the pulse rate of the detector equal to 0.01 vmaxand adjust the pulse amplitude of a precision pulse ginerator so as to record the distribution maximum in a channel within the limits of 0.85 to 0.95 of the effective range: Perform a measurement and record the data with the digital printer. Adjust the pulse rate of the detector to vmaxand repeat the measurement and recording. Adjust the amplification factor so that the 1.33 MeV photopeak of Wo falls in a channel between 0.05 to 0.15 of the effective range with the pulser peak distinct and in a higher channel than the 1.33 MeV Wo peak and repeat the measurement and recording for the detector pulse rate equal to 0.01 Y,,,.~ and v,,,=. Measurement data, i.e. counts Nj and the corresponding "zj, are recorded by the printer.

To ensure sufficient statistical accuracy, the number of counts registered in the channel corresponding to the maximum of the pulse generator peak shall not be less than 1 000. The actual number shall.be stated.

48.4

Processing of measurement data The position of the precision pulsk generator peak in terms of an interpolated ber is determined in accordance with Sub-clause 4.2. channel num-

The peak shift at the maximum pulse rate for the beginninlg and the end of the scale is given by:

+
where: mp,, and mpe %

m'
P

-

m"

Pe

are the values of peak position for the beginning and the end of the scale respectively to the pulse rate of 0.01 vma, and corresponds to vmax corresponds

m"p

. at half maximum, is determined

.

from the measured data at the beginning of the scale S,, and at the end of the scale S,, for the value of pulse rate v = 0.01 v,,,,, (&, and SA,)and v = vmax (&, and 8::).
The relative amplitude resolution, i.e. full width

The increase of the peak width is given by:

The shift of the peak position and the increase of the peak width shall not exceed the values stated in the relevant specifications.

: 1EC page 33)
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4.9 4.9.1

Live time error * Apparatus
.

a) The pulse generator of Sub-clause 4.1,l with t'ne additional condition that the generator rate vP shall be much lower (about 100 to 1 000 times) than the live time clock rate and the maximum pulse rate Vmax. b) The radioactive source of Sub-clause 4.8.ld). c) A gamma-detector Y IllaX' d) A scaler and timer. NOW. - A
low-level discriminator may be necessary to trigger certain types of scaler from anaiogue pulses.

and amplifier system which is capable of producing a count rate of at least

4.9.2

Preparation for a test The circuit diagram of a test is given in Figure 10, page 43. The pulser amplitude is adjusted to produce a peak in the upper part of the energy range, well clear of the, radioactive source spectrum. ,_ The pulser repetition rate ( VJ is determined accurately using the scaler and timer. It is necessary that background radiation with the source removed is negligible.

4.9.3

Testprocedure The analyzer is set to acquire in live time mode at the full pulse-height measurement range.

An acquisition of the generator pulses is made when the radioactive source is removed. The time should be sufficient for at least 100 000 counts to be acquired in the pulser peak. The pulser peak area is integrated and the result is divided by the pre-set live time to give the live time pulser peak rate v,,. In this case vP is equal to v,,,. The radioactive sources are used to provide the input pulse rate to the ADC equal to vmax above the threshold of scaler (which is equal to A,,, of the analyzer) and the procedure given above is repeated. The pulser peak area is integrated and divided by the pre-set live time to give v;_ mZlr Then the pulser is switched off and acquisition of the radioactive source generated spectrum is made. The area is integrated within the same limits as in the previous case, and a$,,, is determined. The pulser peak area is calculated as:
V L max =
v;rnax 1/;. Illa\

4.9.4

Processing of measurement data The live time error is given by:

1__5"L
",.I\

It is permissible to the ADC.

to determine

the live time error at a few values of the input pulse rate

* This measurement

is applicable

to analyzers with automatic

live time correction.
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.
LETTER

APPENDIX
SYMBOLS USED

A

IN THIS STANDARD

= `Number of counts in channel `3" (pulses). = Arithmetic mean of the number of counts (pulses) in several channels. AL = Measurable amplitude (V). Rated value of the measurable amplitude. ALN = Minimum measurable signal amplitude. &in = A msx = Maximum measurable signal amplitude. t?Zi = Number of channel "i" H = Channel width (V). ' = Zero point, expressed in units of input parameter. a0 Ki = Integral non-linearity (%). Kd = Differential non-linearity (%). V max Maximum pulse rate to be measured (pulse/second). = VP = Pulse repetition rate of generator. VL = Live time pulser peak rate. v, = Live time pulser peak rate (radioactive source removed). Live time pulser peak rate (radioactive source used to give v,,,,,). VLmax = M = Maximum number of channels. Tdi = Dead time of the analyzer corresponding to channel "i" for a definite input pulse shape. 6, = Relative amplitude resolution.

Ni N,

( EC page 371
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APPEND-IX B
FIGURES

271179

1 = precision pulse ienerator 2 = analyzer under test 3 = ratemeter

FIG. 1. - Block diagram for measurement

of minimum and maximum measurable amplitudes.

1

3 2
1
1

E
272179

1 2 3 4 5

= = = = =

precision pulse generator whit; noise generator linear mixer analyzer under test digital printer

FIG. 2. - Block diagram for measurement

of channel width, zero point and integral non-linearity.
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273179

FIGURE 3a

274179

N'
N'max.

_-----_~= _________-_ !
r

FIGURE 3b

./'

r'

/'

mP

275179

FIGURE 3c

FIG. 3. - Functions for peak position calculation

20

Ii: 11886- 1987 JEC' Pub 659 ( 1979 )

mP0

mPe
276179

FIG. 4 . - Intrinsic

error of the zero point.

-_.A DO

/

7

I

/

-----__i_j_/_jj

/ -

c

FIG. 5. - Deviation *

from the ideal linear

amplitude

response.

27Xl7Y

I = generator of pulses with uniform distribution prohabili!ics 2 = analyzer under test 3 = digital printer

density of pulse-height

FIG. 6. -&lo&

diagram

for measurement

of differential

non-linearity

of analyzers.

General

method.
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V4
.

`.
I f t
279179

FIGURE 7a

Signal de Porte
Gate signal

3

4

5

6

2

1

I
I = ramp generator 2 = adjustable 4 = linear gate 5 = analyzer under test 6 = digital printer d.c. source 3 = linear mixer

280 / 79

FIGURE 7b

Signal lP--_?
I

de Porte

Gate signal

1

3

4

5

I

l-----l
2
1 = ramp generator 2 = adjustable .3 = linear gate 4 = analyzer under test 5 = digital printer d.c. source

381179

FIGURE 7c

FIG. 7. -Block diagrams method.

for measurement

of differential

non-linearity

of analyzers.

Subsidiary
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l-

3-4-5

2282179

b)

a) 1 = double-pulse generator 2 = analyzer under test 3 = digital printer b) 1 and 2 = pulse generator 3 = linear mixer 4 = analyzer under test 5 = digital printer

FIG. 8.7 Block diagram for measurement

of dead time.

iI
2 I= 2= 3= 4= S= 6= I=

!

283/7Y

precision ph.e generator radioactive source (radionuclide ""Co) gamma-detector linear mixer ratemeter analyzer under teP+ digital printer

FIG. 9. - Block diagram for measurement

of maximum pulse rate.
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0
1 .

2-334

5 .--El

6

:!:---:
7 8
284170

1= 2 = 3 = 4 = 5 = h = 7 = 8 = A=

radioactive source (radionuclide `%o) gamma-detector preamplifier main amplifier analyzer under test digital printer pulse generator scaler and timer preamp!lfier test input

FIG. 10. - Block diagram for measurement

of live-time error.

( EC

page 43)
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